This paper proposes and applies an alternative demographic procedure for extending a demand system to allow for the effect of household size and composition changes, along with price changes, on expenditure allocation. The demographic procedure is applied to two recent demand functional forms to obtain their estimable demographic extensions. The estimation on pooled time series of Australian Household Expenditure Surveys yields sensible and robust estimates of the equivalence scale, and of its variation with relative prices. Further evidence on the usefulness of this procedure is provided by using it to evaluate the nature and magnitude of the inequality bias of relative price changes in Australia over a period from the late 1980s to the early part of the new millennium.
INTRODUCTION
Demand systems are, traditionally, derived from a priori specified individual utility functions that assume individual utility maximising behaviour subject to her/his budget constraint. This posed a problem in empirical applications since individuals reside in households and the household, rather than the individual, is the unit of behaviour. Moreover, the data set is, typically, available at the household level, necessitating the incorporation of household size and composition variables, along with prices and aggregate expenditure, as determinants of demand. While the earlier studies on the impact of household size and composition changes on expenditure patterns were ad hoc [see, for example, Prais and Houthakker (1955) ] and ignored temporal price variation, being based on a single cross section, Barten (1964) 's introduction of household utility models allowed the specification and estimation of utilityconsistent demographic demand systems [see Pollak and Wales (1992) , especially Ch. 3].
The demographic generalisation of conventional demand systems, while providing a superior analysis of expenditure patterns, also, allows a wide variety of policy applications ranging from the estimation of equivalence scales to the design of taxes. The chief motivation of this paper is to explore the policy usefulness of demographic demand systems by using the estimated demand parameters in selected policy applications. This paper proposes two alternative demographic demand systems and illustrates their policy usefulness in calculating equivalence scales and in assessing the impact of prices on expenditure inequality. This study is based on the demographic generalisation of two recent demand models, namely, the Quadratic Almost Ideal Demand System (QAIDS) [see Banks, Blundell and Lewbel (1997) ] and the Modified Almost Ideal Demand System (MAIDS) due to Cooper and McLaren (1992) . Both these demand systems extend the Almost Ideal Demand System (AIDS), due to Deaton and Muellbauer (1980) , to allow more flexible price and Engel responses. However, while QAIDS is a rank 3 demand system with independent price and income coefficients and allows non-monotonic relationship between the budget share of an item and household expenditure, MAIDS retains the rank 2 feature of AIDS and imposes a monotonic relationship. However, as Cooper and McLaren (1992, p.652) show, MAIDS "preserves regularity in a wider region of expenditure price space" than AIDS.
The present study uses different demographic techniques on these demand systems to obtain their demographic generalisations in estimable form. This sets up an interesting comparison between the estimates of the basic demand parameters and of the equivalence scales from the alternative demands systems. The paper also highlights the policy usefulness of the demographically extended QAIDS by using the parameter estimates to assess the impact of price movements on expenditure inequality.
The study is carried out on unit records contained in Australian Household Expenditure Surveys (HES) pooled over a period of nearly 15 years. The choice of the data set generates interest in the findings since the period covered includes a brief period of recession followed by an uninterrupted period of low unemployment, high growth rates, GST changes and overall economic prosperity. Australia is, thus, often cited as a model example among the developed countries.
The plan of this paper is as follows. Section 2 derives the demographic demand models.
Section 3 describes the data, presents the demographic demand estimates and compares the Engel curves implied by the alternative demographic demand models. The evidence on the impact of price changes on inequality is presented in section 4. The paper ends on the concluding note of section 5.
THE DEMOGRAPHIC DEMAND SYSTEMS
In non demographic form, the cost function of QAIDS is given, in logarithmic form, by where a(p) is homogenous of degree 1 in prices, p, b(p) and c(p) are homogenous of degree 0 in p. The choice of the following functional forms for a (p), b(p) and c(p) yields the QAIDS.
The price scaling (PS) technique, used to demographically extend the QAIDS, was introduced in Ray (1983) . It stems from the definition of the general equivalence scale, , as the ratio of costs of obtaining a reference utility level, u, at a given vector of prices, p, of a household h with a demographic profile given by z and a reference household, R.
If one specifies a suitable functional form for the cost function of the reference household,
, which satisfies the usual economic theoretic conditions of linear homogeneity in prices, symmetry and concavity, then the choice of a suitable functional form for 1 gives us the corresponding form for the cost function of household h. The latter yields, on application of Shephard's Lemma, the price scaled demographic demand equations.
As noted by Pollak and Wales (1979) , utility dependent equivalence scales cannot be estimated from demand data. However, as Blackorby and Donaldson (1993) Lewbel (1987) .
The demographic extension of the MPIGLOG indirect utility form that we propose 3 involves replacing by , namely, the nominal expenditure per adult equivalent, where
[given by eqn. (4)] is the price dependent, but utility invariant, equivalence scale. The demographically modified MPIGLOG utility form is given by:
where These equations above could be more easily be specified as:
( )
as m h (p,z) has already been specified.
The symbols are as defined before, and The application of Roy's identity to the indirect utility form, eqn. (7), yields the demographically modified MAIDS, to be referred to as the demographically modified MAIDS or DMMAIDS, as follows:
where Following the argument in Cooper and McLaren (1992, p. 658) for the non-demographic MAIDS, it is readily verified that in the region , the restrictions are sufficient to ensure that . This distinguishes the DMMAIDS from the PS-QAIDS which can imply estimated budget shares which lie outside the (0,1) interval.
Eqn. (9) shows that, for given prices, the budget share, , moves monotonically from for the 'poor' ( i.e. subsistence household) to ) for the 'rich'. Since , , which denote the i th price elasticities of respectively, will depend on the total number of children, , via the in (8a), (8b), so too will the limiting forms of the budget shares,
4
A test of the joint insignificance of the , thus, constitutes a test of the hypothesis that the item-wise budget shares of the 'poor' and 'rich' households are invariant to the total number of children in these households.
In the empirical application that is reported below, we choose the following functional forms for :
can be interpreted as the subsistence expenditure of a single adult, childless household, similar to the interpretation given to a(p) in the AIDS/QAIDS context. However, unlike in (2a), we had to choose a simple Cobb Douglas form in (10a) since we found it impossible to achieve convergence in the demand estimation of (9) with CES type generalisation or the use of cross-product in logs as in (2a).
(10a), (10b), in conjunction with (9), yield the following estimable form for DMMAIDS in budget share terms:
4 A more complex specification of the price sensitivity of the equivalence scale deflator will allow the limits of to depend on the age distribution of children as well.
where is the log of real expenditure per adult equivalent, and is given by (4). Eqn. (11) is similar to the Gorman (1976) demographic specification in allowing sophisticated demographic effects. As with the Gorman (1976) model, in the DMMAIDS model, given by eqn. (11), the number of children, , affects the budget shares through the real expenditure per adult equivalent variable, , and its coefficient, The latter effect is missing in case of the AIDS model which assumes There is also a fixed cost demographic effect through the subsistence budget share The addition of a child has a lateral effect on the item-wise budget shares of a subsistence household similar to that in the QAIDS model. As we turn to the empirical results, it is worth noting that several of the parameters have similar interpretations in the PS-QAIDS and DMMAIDS models, making a comparison of their estimates of some interest.
DATA SETS AND DEMOGRAPHIC DEMAND ESTIMATES
The estimation and analysis are based on a pooled cross-section of the unit record files from Tables 1 and 2 present the parameter estimates of the demographic demand systems, namely, the PS-QAIDS and DMMAIDS demand models. Both these models represent significant improvements over the nested AIDS model. This is evident from the strong statistical significance of the quadratic coefficients, , in the case of the PS-QAIDS and 5 in the case of the DMMAIDS model. The demographic effects are, also, highly significant in most cases.
Both the models agree that household behaviour exhibits significant economies of scale with the estimate being significantly different from zero in both cases. The estimates of the parameters that scale household expenditure ( ) are remarkably robust between the two demand systems. The , which show the sensitivity of the overall equivalence scale to prices are, also, highly significant and robust between the two demand systems. Using the alternative interpretation of the discussed above, both the demand models agree that the marginal addition of a child increases the budget share of Food and decreases that of Alcohol and Tobacco for a household living at subsistence level.
Notwithstanding the fact that DMMAIDS is considerably more parsimonious in parameters than the PS-QAIDS, the log likelihood is only marginally lower so that, on Akaike criterion, DMMAIDS is the preferred model. Tables 3 and 4 
THE DISTRIBUTIONAL IMPLICATIONS OF PRICE MOVEMENTS IN

AUSTRALIA
This section illustrates the policy usefulness of the demographic demand estimates, presented earlier, in evaluating the distributional implications of relative price movements in Australia.
Inflation that is accompanied by a significant change in the relative prices of the principal items of consumption affects the various household groups differently due to differences in their expenditure pattern. For example, Muellbauer (1974) shows that "relative consumer price changes in the U.K. since 1964 have had an inequality increasing bias". Ray (1985) extended Muellbauer (1974) 's methodology to allow non-linear Engel curves, while continuing to work with rank 2 preferences that assume a monotonic relationship between budget share and aggregate expenditure.
In this section, we extend the methodology further by working within the framework of rank 3 demand systems. The PS-QAIDS has a definite edge over DMMAIDS in this welfare The application of (13) in (12) Atkinson inequality measures with the latter evaluated at two levels of 'inequality aversion', ε. Table 5 
CONCLUDING REMARKS
The recent turmoil in the world's financial markets and attempts to revive falling consumer demand in the midst of recessionary trends have highlighted the importance of reasonably accurate estimates of demand responses to changes in income and prices. This has put the focus of much of applied research back on the specification and estimation of demand systems in order to obtain updated and reliable estimates of price and expenditure/income elasticities. As Slottje (2008) says, "the current state of many global economies and the importance of consumer expenditures in fuelling these economies make it imperative that new research 'demand tools' be developed and used by economists and policy makers to deal with increasingly complex issues that arise out of troubling economic trends" (p.207). The present study that proposes and estimates two new demographic demand models on Australian household expenditure data, was undertaken in this spirit.
While demand systems estimation has traditionally been performed on time series of consumer expenditure and prices obtained from national accounts data, in recent years, with the increasing availability of cross sectional household expenditure surveys -often in the form of unit records -the data base has typically been pooled time series of budget surveys containing variation in prices, aggregate household expenditure, household size and composition. The need to allow the simultaneous movement in these exogenous determinants of expenditure allocation in the demand estimation has prompted the move to demographic demand systems. This paper contributes to this trend by proposing a demographic demand procedure and applying it to two recent demand functional forms to generate their demographic extensions. The empirical results illustrate the usefulness of the demographic demand procedure by providing sensible and robust estimates of the equivalence scales, economies of household size and the price and expenditure elasticities, all of which are required in a host of policy applications that range from poverty measurement to the design and reform of commodity taxes. A particularly useful aspect of the proposed demographic procedure is that its empirical application yields precise and robust estimates of the nature and magnitude of the variation of the equivalence scale with the relative prices of the various subgroups of expenditure items. A significant result in this context is the conclusion that, over the period of this study, namely 1988-2003, the equivalence scale, which is used as the household size deflator, has changed considerably in response to the relative price changes.
The policy usefulness of this exercise is further illustrated by using the equivalence scale and demand parameter estimates to analyse the distributional implications of price movements in Australia. The paper builds on the existing literature by proposing and applying a methodology for evaluating the nature and magnitude of the inequality bias of relative price changes. The findings of this study that during the period, 1998-2003, the price movements in Australia had an inequality increasing bias, against a background of rising nominal expenditure inequality, is a result of policy significance.
The "unitary household" model, adopted in this study can be relaxed in favour of "collective household" models that allow intra-household interaction in decision making by various household members [see, for example, Lewbel and Pendakur (2008) ]. The extension of the demographic demand procedure proposed here to the "collective household" framework and the examination of the robustness of the empirical evidence to such an extension is a fruitful area for further research. 
